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Preparation of low lactose milk with high hydrolysis rate and analysis of sugar

Ak
WU Tao-ying"*

&= %
CHENG Yun-hui'

Ww AP kA

BER R
ZHAO Liang-zhong®
(. KB TR S5 EY TRY b HmM K1
42200053 HBBH A% e 55 — Bt 1= g 5 AN RE 59 RE A BH

[ SO S
OUYANG Lin* XU Zhou'

410076 ;2. HB BH 2% BE & i 5 1k 2 TR B
422000)

(1. College of Chemistry and Biology Engineering , Changsha University of Science and Technology , Changsha , Hunan
410076, China; 2. College of Food and Chemistry Engineering , Shaoyang University, Shaoyang , Hunan 422000, China ;

3. Department of General Surgery, Second Affiliated Hospital of Shaoyang University, Shaoyang , Hunan 422000, China)

FEE AU R & A R IGAF, B L v B d & AR SR
WK LL AR A PR R ELSA S
Je vl (CEJ/[SD 1.50% K A% 8 & 38.15 °C ., K fif ot 4]
3.0 h.iZ £ bk T 4 & 09 AR L HE b5 0 SUAE K AR R 3% 92,6700, B
% 5 2R ARG (HPLO A X LA 14.02% 918 B 4B &
B B SUHE BRI A K AR SLAE . A A AR A
KRR AR FUAE 4 5 B-F SUAE 3 B K AR S48 s HPLC
Abstract: To determine the optimum conditions for the production of
low lactose milk by enzyme method, the hydrolysis process of low
lactose milk was optimized by the response surface method, with the
hydrolysis rate of lactose as an index. The results were as follows:
the ratio of enzyme to substrate ([E]/[S]) was 1.50%,, and the hy-
drolysis was undertaken at 38.15 °C for 3.0 h. Under these condi-
tions, the lactose hydrolysis rate of low lactose milk was 92.67%.
Moreover,14.02% of the oligosaccharides were detected by HPLC
detection, which showed g-galactosidase could hydrolysis lactose and
turn glycosidic.

Keywords : low lactose milk; g-galactosidase; hydrolysis; turn glyco-

sidic; HPLC
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Lactozyme:3 000 U/mL, i# 4E 15 (b D) A= ¥ 8 R R
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Table 1 The enzyme activities and prices of three kinds of g-galactosidase
B2 FUMH A G . o S 0 0
Y37 o SRR 35 C 40 C 45 C
Lactozyme (U/mL) 3 000 2 101.28 2 686.18 4 375.87 4 397.54
Maxilact (U/mL) 3 000 2 664.52 2 989.46 3 162.76 2 967.79
K3-T (U/g) 5 000 3 509.36 4 115.92 4 419.20 4 419.20
Lactase F (U/g) 300 238.29 281.61 433.25 433.35
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Table 2 Experimental factors and levels of RSA

® 1 RSA HEHH
Table 4 ANOVA for response surface quadratic model

K- A LEJ/[S]/%  BKERE/CT  CKffifE/h AR FR AME Br F g P WEME
—1 1.00 35.00 2.00 iR 189196 9 210.22  60.46 < 0.000 1 % x
0 1.25 40.00 2.50 A 52.53 1 52.53  15.11 0.006 0 % x
1 1.50 45.00 3.00 B 47140 1 471.40 135.57 <€ 0.000 1 % x
C 103.18 1 103.18  29.67 0.001 0 % =
T3 RSAKEER AB 33.12 1 33.12 9.53 0.0177 =
Table 3 Experimental results of RSA AC 0.30 1 0.30 0.09 0.778 6
Gt A B C SRk 2 % BC 23.52 1 23.52 6.76 0.0354 =
1 0 1 1 63.69 A? 3.70 1 3.70 1.06 0.336 6
9 1 . 0 83.40 B? 1184.84 1 1184.84 340.75 << 0.000 1 =« x
3 0 1 1 69.01 C? 0.97 1 0.97 0.28 0.613 7
4 1 0 —1 82.77 g 24.340 7 3.48
5 1 1 0 58.99 e 435 23.02 3 7.67  23.18 0.050 4
G 1 0 1 90.95 afi {7 2% 1.32 4 0.33
7 o 1 1 61.81 MAESE 1916.30 16
3 0 1 1 80.59 Tox FREREE(P<0.05); » x £RESWEZE(P<0.01);
9 0 0 0 85.77 R?=0.987 3,RA;=0.971 0,R$ra=0.900 6,C.V.=2.41%,
10 —1 —1 0 71.89 -
11 0 0 0 86.20 D@
12 0 0 0 86.73 étf;g:
13 0 0 0 86.25 § ié
14 —1 1 0 58.99 = E
15 —1 0 1 85.91 —E
16 —1 0 —1 78.82
17 0 0 0 85.20 71.00
) 39.00
@%%%i‘ : » ¥ -
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0.82BC—2.78A%* —11.79B* —1.08C?, (6)
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Figure 1 Response surface and contour plots surface of the effects of
hydrolysis temperature and time on the hydrolysis rate

of lactose
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Figure 2 Response surface and contour plots surface of the effects of [E]/[S] and Hydrolysis Temperature

on the hydrolysis rate of lactose
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Figure 3 Response surface and contour plots surface of the effects of [E]/[S] and hydrolysis time on

the hydrolysis rate of lactose
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Figure 4 Chromatogram of standard samples
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Table 5 The test results of standard samples

P PRE R, EmEA/ mRUA 4R Ve BfE/
min (mV « min) /% (mg+mL 1)
RT 10.659 431 769 32.82 10 357 5.93
PTT 12.449 498 034 37.86 11 015 5.74
BRT 13.898 385 703 29.32 9 986 4.98




E3MEEZH

TR 45 « o 7 A SR AR LB 4 1 ) o OBt 2 20 A

90F
801
701
60
50
40
30
20
10

0

RT-10.654

L
Voltage/mV

lb 12 14 16 lé Zb
it ]
Time/min

B5 AR3LFHEEey HPLC A
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Figure 6 The HPLC diagrams of various sugars in

low-lactose milk
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Figure 7 Chromatogram of galacto-oligosaccharide

reference standard samples
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Table 6 Results of galacto-oligosaccharide reference

standard samples

EA PR B E] /min WY/ (mV « min) [EALE 43 L/ %

Tk 5.041 1901 481 35.42
R b 2 53 5.948 175 219 3.26
FLHE 6.325 1161 748 21.64
IR FLR 4 5% 6.737 542 246 10.1

IR FL R 4 5% 8.011 975 412 18.17
IR 2 FL R 4 5% 8.656 220 390 4.11
IR 2 FL R 4 5% 9.310 54 075 1.01
REEFLEA Sy 10.291 169 071 3.15
REEFLBEAL Sy 11.066 168 507 3.14

T % B P B B ) 6,325 min [ U4 S LB, R B R ] 5,948,
6.737 min B LAJ5 H 6 B0 0 105 3 2 U4 43 1 04
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Figure 8 The HPLC diagrams of various sugars
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